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Version Notes
This document is an update to a previous version of this report with number ANL/ESD/12-5 Rev.2. 1
Introduction
The Carbon Calculator for Land Use Change from Biofuels Production (CCLUB) calculates carbon emissions from land use change (LUC) for four different ethanol production pathways including corn grain ethanol and cellulosic ethanol from corn stover, Miscanthus, and switchgrass. This document discusses the version of CCLUB released September 30, 2014 which includes corn and three cellulosic feedstocks: corn stover, Miscanthus, and switchgrass. Figure 1 outlines the calculations and data sources within CCLUB that are described in this document. Table 1 identifies where these data are stored and used within the CCLUB model, which is built in MS Excel. Land change area data is from Purdue University's Global Trade Analysis Project (GTAP) model, a computable general equilibrium (CGE) economic model. Section 2 describes the GTAP data CCLUB uses and how these data were modified to reflect shrubland transitions. Feedstock-and spatially-explicit belowground carbon content data for the United States were generated with a surrogate model for CENTURY's soil organic carbon submodel (SCSOC) (Kwon and Hudson 2010) as described in Section 3. CENTURY is a soil organic matter model developed by Parton et al. (1987) . The version of CCLUB released in 2012 used SCSOC-derived carbon content data at the state level. Starting with the version released in 2013, CCLUB used soil carbon data at the county level for the United States. Aboveground nonsoil carbon content data for forest ecosystems was sourced from the Carbon Online Estimator (COLE) (Van Deusen and Heath 2013) . COLE is based on US Department of Agriculture Forest Service Inventory and Analysis and Resource Planning Assessment data, in addition to other ecological data, as explained in Section 4. COLE data are included in CCLUB at the county level. We discuss emission factors used for calculation of international greenhouse gas (GHG) emissions in Section 5. Land management change was incorporated into CCLUB in the 2015 release. Land management change scenarios include the adoption of cover crops and the application of manure on corn fields from which either 0 or 30% of stover is removed as a biofuel feedstock. An independent report has been released in 2015 to document the data, methodology and assumptions behind this practice (Section 6). Starting in 2016, additional estimates were included in CCLUB to assess domestic and international N 2 O emissions associated with LUC. Section 7 explains the IPCC-based approach and data sources used in this 2 CCLUB expansion. Temporal issues associated with modeling LUC emissions are the topic of Section 8. Finally, in Section 9 we provide a step-by-step guide to using CCLUB and obtaining results. 
GTAP
GTAP Data
CCLUB includes GTAP results from five different biofuel production scenarios. Each scenario reflects a shock to the economy in response to an increase demand for a biofuels feedstock commodity. The first four scenarios were modeled in 2011 (Taheripour et al. 2011) . The fifth scenario was modeled in 2013 (Taheripour and Tyner 2013) . Table 2 lists the five production scenarios and associated biofuels volumes. The cellulosic ethanol scenarios (stover, switchgrass, Miscanthus) are modeled in GTAP as incremental production volumes on top of corn ethanol production. Taheripour et al. (2011) . Case classification H refers to Taheripour and Tyner (2013) The 2013 GTAP scenario shocked the production of corn ethanol by the same volume as the 2011 Case A scenario. These two modeling exercises, however, differ in the treatment of two key aspects of the GTAP model. First, in 2011, GTAP included one land transformation elasticity for the globe. Land transformation elasticity is a parameter that reflects the ease of land transition from one state to another; a low value indicates limited land transitions. Taheripour and Tyner (2013) used two United Nations Food and Agriculture Organization (FAO) land cover data sets to develop region-specific land transformation elasticities that were used in the development of the 2013 GTAP results used in CCLUB. One data set allows determination of changes in agricultural land area. Based on this data set, the authors categorized GTAP regions 4 (See Section 4) as having a low, medium, or high land transition elasticity. Taheripour and Tyner (2013) used the second data set to characterize changes in harvested areas among crop types.
They used it to develop land transformation elasticities among crops. The United States was characterized as having low rates of land transformation overall, but high transformation elasticity among crops. Taheripour and Tyner (2013) found that the United States moved a sizeable amount of agricultural land to produce corn and oilseed crops without significant expansion in overall agricultural land.
The second change in GTAP between the 2011 and 2013 modeling exercises is the treatment of the costs of converting pasture and forest to cropland. In 2011, the cost of conversion of both of these land types to cropland was identical. Taheripour and Tyner (2013) modified the land nesting structure in GTAP to reflect the greater cost of conversion of forest to cropland as compared to converting pasture to cropland that is generally observed in the real world. This change essentially makes it more costly to convert forest to cropland than in the 2011 GTAP version.
GTAP permits three land types to be tapped for biofuel production: forest, grassland, and feedstock lands. The latter is agricultural land that has been converted to agriculture dominated by the production of biofuel feedstocks. In a differently nested category the model also accesses a fourth land type: cropland-pasture. Figure 2 illustrates the land transitions considered in CCLUB.
Upon receiving the GTAP data from Purdue we, along with collaborators at the University of Chicago, compared the GTAP land database with both the National Land Cover Datasets (NLCD), which are part of the USDA Cropland Data Layers (CDL), and the US Forest
Service's Forest Inventory data. We aimed to align forest area in the U.S. in our analysis with this database because we used Forest Service data to develop emission factors for aboveground and belowground carbon in addition to values for foregone sequestration. We therefore needed to reconcile forest area in the NLCD with forest area in GTAP. However, the GTAP database includes a significantly higher value (370 million ha) for total forested land than these other data sources (see Table 3 ). Of the total forest area in both the CDL and GTAP data, some is inaccessible for biofuel production (national and state forest) and the remainder is accessible. Purdue provided the total split between accessible and inaccessible forest land in GTAP with accessible forest land accounting for 225 million ha out of the 370 million total forest ha. Our analysis indicated that the GTAP database uses the methodology by Sohngen (2004) to derive accessible vs.
inaccessible land ratios by agro-ecological zone (AEZ) and then applies these ratios to the GTAP forest areas by AEZ. The reproduced GTAP accessible forest land by AEZ is shown in Table 3 .
A map showing the distribution of AEZs in the United States is in Figure 3 . In our CDL analysis, subtracting state and national forest areas from the CDL total forest area data yielded 157 million ha of accessible forest. Across most AEZs (but not all) this is substantially less accessible forest land than GTAP predicts.
Based on the differences in the amount of accessible forest lands estimated by GTAP and the CDL analysis we assume that some of the GTAP accessible forest land is shrubland rather than mature forest land. To address this issue and to be consistent with U.S. Forest Service data, we added young forest-shrubland (YF-Shrub) as a fifth land type. Shrubland is defined in the NLCD Classification as "areas characterized by natural or semi-natural woody vegetation with aerial stems, generally less than 6 meters tall." To determine the amount of land classified as YFShrub, we applied a proration factor to the accessible forest land GTAP predicted to be converted. The proration factor is calculated at the AEZ level as the ratio of accessible forest land in the CDL database to accessible forest land in the GTAP database (see Table 3 ). For example, if in a certain scenario GTAP predicted the conversion of 10,000 ha of forest to feedstock lands in AEZ 14, applying the proration factor results in CCLUB modeling 3,800 ha and 6,200 ha of forest and YF-Shrub lands being converted, respectively. In two AEZs, the proration factor exceeds one. In that case, our approach increases the amount of mature forest that is converted and effectively decreases the amount of YF-Shrub that converts to feedstock production land. Converting YF-Shrub lands will have a lower carbon penalty than converting mature, carbon-rich forests. We therefore modified mature forest carbon emission factors to reflect this difference. The modified forest emissions factor for YF-Shrub is based on the relative height of forest stands in each state compared to shrubland. The relative tree heights for each state were derived from Pflugmacher (2008) and Buis (2012) (see Appendix A).
Belowground Carbon Data for the United States
This work took advantage of a surrogate model for CENTURY's soil organic carbon (SOC) submodel (SCSOC) developed by Kwon and Hudson (2010) . Use of CENTURY to estimate soil C stock change was logical as it is well-developed for croplands, grasslands, and forests (Parton et al. 1987 , Paustian et al. 1992 , Kirschbaum and Paul 2002 and can simulate land transitions incorporated in the GTAP modeling framework.
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The SCSOC includes mass balance and decomposition kinetics equations for the three primary soil organic matter (SOM) pools (i.e., active, slow and passive SOM) described by CENTURY. Important differences between CENTURY and SCSOC are that SCSOC is coded and solved within the PROC MODEL of SAS (SAS Institute 2004) and decoupled from models of plant growth, nutrient cycling, and hydrologic processes described within CENTURY and associated variants. Use of the SCSOC provides the advantages of transparency and relative simplicity while allowing users to easily modify time-dependent CENTURY inputs. Important inputs to SCSOC include aboveground and belowground crop/plant C input rates to soil, and the site-specific decay rate coefficient of the SOM pools.
Overall, SOC modeling work in CCLUB builds on Kwon et al. (2013) , in which the SCSOC model was used to derive emissions factors at the state level based on the scenarios that land presently in croplands, grasslands or pasture/hay (from this point on called grasslands), and forests could be converted to at least one of four likely biofuel (ethanol) feedstock production systems: corn-corn rotations, or corn-corn rotations with stover harvest, switchgrass, and
Miscanthus. To anticipate soil carbon emissions from agricultural lands set aside for conservation, croplands/conservation reserve modeling scenarios considered lands that had never been cropped (grasslands) and that had reverted to grasslands after a period of cropping.
The 2014 CCLUB release contains significant SOC modeling updates. First, two new feedstocks, poplar and willow, have been included. It is important to note that CCLUB does not generate LUC GHG emissions for biofuels produced from these feedstocks because no GTAP modeling exercises have been completed to reflect those scenarios. The SOC emissions factors in CCLUB for these two feedstocks can be used to estimate domestic GHG emissions associated with conversion of forest, cropland-pasture, cropland, and grassland to produce these feedstocks.
Combining original land use, feedstock type, and land management practice resulted in 40 general LUC scenarios to consider for soil carbon emissions. The transitions are diagrammed in Figure 4 and presented in tabular format in Appendix B. The scenario numbers in Appendix B identify these scenarios within CCLUB. The second significant update to CCLUB is that SOC results for a soil depth of 100 cm have been added. We expanded CCLUB to include these results because, although most farming activity directly disturbs soils to 30 cm, SOC changes at 100 cm can still occur and influence the overall SOC implications of LUC (Qin et al. 2016a 1982, 1987, 1992, 1997, 2002, and 2007 . For forests and land used for either switchgrass or Miscanthus, we assumed zero soil erosion rates. Under a noerosion scenario we assumed zero soil erosion rates for the croplands and pasture/hay/grasslands as well.
It is important to note that the soil carbon decay coefficients in CENTURY for corn agriculture were adjusted from default values because several studies have shown that CENTURY soil decay coefficients need to be adjusted upward to properly estimate soil organic carbon (SOC) levels under row-cropped systems (Carvalho Leite et al. 2004; Matthews and Pilbeam 2005) . Dunn et al. (2013) reported the influence of using the calibrated value of this parameter and the inclusion of erosion in SOC modeling on LUC GHG emissions.
CCLUB includes two basic yield scenarios: a constant yield and a yield increase scenario.
Note that GTAP simulations did not incorporate crop yield increases for any of the feedstocks.
To estimate the yields for major crops (i.e. corn, soybean, and wheat), we used the historical . It was assumed that the harvest index (ratio of stover to corn grain) and the root-to-shoot ratio would be constant into the future. This method is consistent with the approach used by Miranowski et al. (2011) who used linear regression to predict yield trends although on a state level. For some counties, insufficient corn yield data were available to generate results. At this time, CCLUB does not include results for these counties.
The yield increases for Miscanthus and switchgrass were projected to be 1% annually, which is more conservative than the recent update of the Billion-Ton Study (U.S. Department of Energy 2011), which considered annual yield increases of 2%, 3%, and 4%.
Corn-based systems were simulated with three different tillage options [i.e., conventional tillage (CT), reduced tillage (RT), and no tillage (NT)] while the two perennial grass systems were simulated with NT. Under regular tillage 95% surface residue is assumed to be mixed to soils, under reduced tillage 30% is mixed to soils, and under no-tillage 5% is mixed to soils.
Stover harvest rates were set at 30% to avoid increasing soil erosion or diminishing soil fertility (Nelson 2002; Wilhelm et al. 2004; Johnson et al. 2006; Simon et al. 2010a) . To leave similar amounts of aboveground residues in place and thus avoid soil depletion, a 90% biomass harvest rate was used for switchgrass and Miscanthus (Eaton 2014) . Table 4 summarizes key modeling parameters for each feedstock. and modern land use periods (Vetsch & Randall; Allmaras et al., 1998; Prince et al., 2001; Halvorson et al., 2002; Pedersen et al., 2004) .
2 RS, root to shoot ratio (Buyanovsky & Wagner, 1986; Ojima et al., 1994; Dohleman, 2009; Garten Jr. et al., 2010; Pacaldo et al., 2013; Garten Jr. et al., 2011) ; for poplar and willow, the root includes total belowground biomass and aboveground stool. 3 Return rate for aboveground biomass Eaton, 2014) ; for corn, the aboveground biomass return rate has two options in the model. 4 TILL, tillage options in the model .
Most parameters for corn, switchgrass and Miscanthus were inherited from the previous version of SCSOC .
In summary, CCLUB users can model SOC changes at the county level resulting from the land transitions in Figure 4 at either a 30 cm or 100 cm soil depth and with or without yield increase. In CCLUB, county-level SOC changes are grouped by AEZs then averaged to provide the value for a given scenario in that AEZ. In future CCLUB releases, we may use an areaweighted average based upon county area or other weighting approaches.
Alternatively, CCLUB can be parameterized with domestic emissions factor sets from the 
Non-soil Carbon Data for the United States
Non-soil carbon from forest ecosystem conversions is based on COLE Heath 2010, Van Deusen and Heath 2013) . In order to determine non-soil carbon impacts of forest-tocropland conversion scenarios we accessed the county-by-county data for the five different nonsoil components: aboveground live tree carbon density, aboveground dead tree carbon density, understory carbon density, forest floor carbon density, and coarse woody debris carbon density.
Foregone sequestration from annual biomass growth is based on the COLE value for net annual growth. In time, some feedstock production land may revert back to forest land.
Reversion non-soil carbon factors are also based on COLE's net annual growth. The emissions/sequestration effects from root biomass are included in the boundary of the SCSOC modeling runs. It is important to note that this approach provides consistency of data sources throughout CCLUB: the spatially explicit US Forest Service COLE data is used for aboveground carbon stocks, the corresponding root biomass values (corresponding to the aboveground carbon values) are used to parameterize SCSOC, and finally the predicted GTAP transitions are adjusted to match the US Forest Service forest area (via the forest proration factor described in Section 2).
The carbon in some harvested wood will not be emitted, but contained within harvested wood products (HWP) in productive uses such as buildings. Based on Heath et al. (1996) and a follow-up conversion with Heath we determined that 60% of the combined aboveground live and dead tree carbon density can be removed from the forest. 35% of this carbon is stored in products and an additional 35% is converted into useful energy (both considered harvested wood product offsets). The carbon in the remaining aboveground categories is assumed to be released to the atmosphere as is carbon in the waste wood. Figure 5 depicts the fates of aboveground live and dead tree carbon based upon Heath et al. (1996) . Alternatively, the CCLUB user has the option to exclude any HWP offsets (HWP set to zero). 
2009).
All GTAP results are based on AEZs. We therefore aggregated the higher resolution county-level factors to match the AEZ regions. AEZ-level factors were derived as average of county-level factors. As with the belowground carbon county-level to AEZ aggregation, we may use different aggregation techniques in future CCLUB releases.
International Carbon Emission Factors
The primary international carbon emissions assessment in CCLUB is based on carbon content data for international lands obtained from Winrock International (Harris et al. 2009 ). These data were developed for US EPA's Renewable Fuel Standard (RFS) and accompanying analysis of life-cycle GHG emissions of biofuels, including from LUC. CCLUB uses the modifications to the Winrock factors that EPA adopted in modifying their analysis between the proposed and final versions of RFS2.
Winrock used recent land cover products derived from satellite imagery and other data sources and developed GHG emission factors for various land cover conversions. They report one emission factor per country, and for some countries for administrative units, over a 30-year Table 5 .
In the Winrock data set, with the exception of reversion to forests, reversion emission factors are estimated as the reverse of emission factors with all biomass carbon stock increases occurring in the first year after reversion. Soil carbon stock changes on abandoned cropland, however, take 20 years to reach pre-conversion values.
In the case of croplands that revert to forests, biomass accumulates annually over the 30-year reversion period. To be conservative, Winrock assumed that the newly growing trees accumulate carbon at the foregone sequestration rate. In reality, these young trees would incorporate carbon at a faster rate than the trees in more established forests that may have been cleared for feedstock production. Further details on these calculations are available in Harris et al. (2009) .
The Winrock data set does include estimates of uncertainty for these emission factors, which we may include in a future release of CCLUB.
To incorporate these emission factors into CCLUB, we combined emission factors for countries that are included in the categories in which GTAP results are reported. Table 6 lists these categories and the countries that are included in each. We used a simple average of the emission factors for these countries. In the future, we may assess other approaches such as weighting a country or region's emission factor by its area. Some countries within the Winrock data set were not included. One reason for exclusion was that some countries are very small and because we did not weight countries' emission factors, a small country could alter the average to a value uncharacteristic of the region.
Additionally, if a country is primarily desert, such as Syria, we excluded it.
CCLUB also includes the Woods Hole data set. Users can select either the Winrock or Woods Hole data set to estimate international LUC GHG emissions. 
Domestic Carbon Emissions from Land Management Change
Land management change is included as an option for corn stover ethanol to calculate carbon emissions associated with agricultural management practices including cover crop adoption and manure application and varying levels of tillage and corn stover removal. An technical report documents the data, methodology, and assumptions behind the incorporation of land management practices in corn-soybean systems with varying levels of stover removal in the GREET model and its CCLUB module (Qin et al., 2015) . The resulting SOC changes under these various land management practices were incorporated into CCLUB and GREET was expanded to include energy and material consumption associated with cover crop adoption and manure application (Qin et al., 2015) .
Domestic and International N 2 O emissions
In 2016 (1) SCSOC: using AEZ-level SOC loss estimated by SCSOC;
(2) Winrock: using Winrock estimated SOC loss at national-level; (3) Woods Hole: using national-level SOC loss estimated from biome level Woods Hole factors.
To estimate international LUC-induced N 2 O emissions from changes in SOC levels
Winrock and Woods Hole international SOC loss data sets are the primary resources.
For both domestic and international LUC-induced N 2 O emissions estimates, the soil organic matter C:N ratio (default value: 15) is used to calculate soil nitrogen change from SOC loss (IPCC, 2006) . In accordance with GREET, 265 is used as the new N 2 O Global warming potential (GWP) value relative to CO 2 (IPCC AR5).
Temporal Issues in Modeling LUC Emissions
CCLUB's assessment of carbon emissions from LUC depends on two critical time horizons: the duration of biofuels production and the emissions amortization period. Assumptions regarding the duration of biofuels production impact foregone sequestration from annual biomass growth and the associated soil carbon adjustments. Since the data set on soil carbon adjustments from the SCSOC model and the Winrock international carbon emission factors are based on 30-year equilibrium values, the production duration should not be varied significantly from that value.
We assume that a relatively small variation of ±5 years may not introduce significant errors. The emissions amortization period refers to the duration over which a biofuels policy is analyzed.
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Using CCLUB
In this section, we explain the contents of the eight sheets that make up CCLUB. We describe them in order of calculation flow rather than the left-to-right progression of sheets.
Overview Worksheet
This sheet contains author information and a list of worksheets and their descriptions.
Scenario and Results Worksheets
There are two worksheets including scenario and results, one is for LUC and the other for LMC. The first user input (Input 1) is the feedstock-to-fuel pathway. The user can choose from among the biofuel scenarios in Table 2 of this document, which include corn and cellulosic ethanol options (corn stover,
Miscanthus, or switchgrass feedstocks).
The second user input is the scenario selection for domestic carbon emissions scenarios (Input 2a). The data underpinning these scenarios is described in Sections 3 and 4. If the user opts to include domestic SOC emission factors from SCSOC modeling, he or she must choose whether to use modeling results that take into account yield increases (Input 2b) and select a soil depth (30 or 100 cm) as Input 2d. The land management practice options that constitute Input 2c allow the user to assess the influence of tillage practice on the results for corn and corn stover pathways. Input 2e allows users to identify which method to use for domestic N 2 O emissions estimates (see Section 7). For input 3, users choose between Winrock and Woods Hole data sets for international LUC emissions (Input 3) including both carbon (Section 5) and N 2 O emissions (Section 7).
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The user selects an HWP scenario for Input 4, either using the assumptions of Heath et al. (1996) or assuming all aboveground carbon is emitted when forests are converted to biofuel feedstock production.
In Input 5, users can indicate whether to include biomass burning for initial land clearing in international LUC. Answer "No" indicates no burning for all countries, and "Yes" for burning in all international countries only when "CENTURY SOC" or "Woods Hole" is selected in Input 2e. If Input 2e selects "Winrock", then "Yes" indicates burning in countries biomass burning is a common practice based on Winrock estimates (Harris et al., 2009) .
In developing CCLUB, we modified GTAP data for area of converted forest as described in Section 2. Input 6 allows CCLUB users to adopt adjustments to converted forest lands by 
GTAP Data Worksheet
This worksheet contains three sections. The bottom section with a heading of "GTAP Source
Data Tables" contains the raw GTAP data generated as described in Taheripour et al. (2011) and Taheripour and Tyner (2013) . The data are grouped by scenario. The section above the raw data, entitled "Land Use Summary by Region and AEZ" selects the LUC data from the appropriate scenario. The top section, "Land Use Summary by Region," contains the total of LUC by land type and country/region. These values are multiplied by the appropriate emission factors to generate LUC emissions results.
C-Database Worksheet
In this worksheet, soil organic carbon change data from the CENTURY model (SCSOC) are included for every scenario at the county-level. As described above, for some counties it was not possible to estimate SOC changes. County-level COLE data for aboveground carbon are also included in this worksheet to the right of county-level SOC data. SOC and aboveground carbon for each county is averaged by AEZ in the table at the top of the worksheet for use on the Domestic C-Factors worksheet.
It is important to note the sign convention for this worksheet. SCSOC results are included as the change in soil carbon stock for each county. If SOC in the land's final state is greater than in its initial state, the SOC change will be positive. In this case, biofuel feedstock production has benefited SOC. If the land transition results in a decrease in SOC, SOC has been depleted as a result of the land transition and the SOC change will be negative.
Domestic C-Factors Worksheet
This worksheet displays the Domestic factors based on CENTURY/COLE and the Domestic factors based on Winrock and Woods Hole. This sheet uses color coding to guide the user's eye.
Soil and non-soil carbon stock changes are red-and blue-highlighted, respectively. Annual growth values are green-highlighted.
The first table contains soil carbon stock changes by AEZ as modeled in CENTURY and described in Section 3. Separate tables are provided for each scenario option in Input 2.
The second table contains non-soil carbon by AEZ, developed as explained in Section 4.
Note that only aboveground carbon emission impacts of forest conversion are considered because belowground carbon stock changes (from soil and tree roots) are considered in SCSOC.
In this table, the YF-Shrub correction factor described in Section 2 is also calculated.
The third table contains data from COLE for total net tree growth. The values stated in Mg carbon per hectare per year are calculated from the carbon contained in that new tree growth using a forest carbon factor of 50%, which is consistent with the IPCC Good Practice Guidance For Land Use, Land Use Change and Forestry (IPCC, 2003) .
Section B and Section C of this sheet contains the Woods Hole and the Winrock Domestic emissions factors, respectively and calculates emission factors.
International C-Factors Worksheet
This sheet has the same color scheme as the Domestic C-Factors sheet. It calculates International emissions factors from the Winrock and Woods Hole data sets, which are described in Section 5.
Forest Land Area Worksheet
Section A of this sheet contains state-level land use data from CDL analysis that is mapped to the AEZ level using the matrix displayed in Section B. Forest proration factor calculations are in Section C of the sheet. Section 2 of this document discusses these calculations.
Modeling Worksheet
At The international components of the Woods Hole and Winrock emissions factor data dataset described above are used to assess international emissions for the selected biofuels scenarios in Sections B1 and B2.
All carbon emissions are included in subsection a while N 2 O emission are in subsection b.
Selected Results and Outstanding Issues
The results for one likely parameterization scenario of CCLUB are shown in Table 7 . In this scenario we have selected CENTURY (SCSOC)-based soil carbon factors reflective of projected yield increases and a 100 cm modeled soil depth combined with aboveground carbon factors based on USDA Forest Service COLE data. Furthermore, for domestic emissions we have adjusted the GTAP results with YF-Shrub transitions. We have included HWP factors based on Heath et al (1996) . Table 7 also includes results using GTAP results from Taheripour and Tyner (2013) that used the refined GTAP version as described in Section 2. Using this version of GTAP reduced corn LUC GHG emissions by 3 g CO 2 e/MJ.
It is important to note that GTAP modeling results for switchgrass and Miscanthus as ethanol feedstocks are largely driven by yield of these two crops which can in fact vary with location and management practices. Higher yielding biofuel feedstocks induce less LUC and therefore lower LUC GHG emissions. Results for Miscanthus and switchgrass ethanol can therefore be interpreted as representing results for high and lower yielding crops, respectively. In future work we intend to address several outstanding issues. For example, current SOC modeling of conversion to cropland assumes that cropland is essentially planted in corn, but GTAP results may indicate other crops could be planted as well as part of crop switching as discussed in Section 2. We may seek to model transitions to specific crop types beyond corn.
Secondly, corn agriculture is currently modeled as continuous corn, but actual practice may be to integrate soy rotations. We will consider different rotation scenarios for inclusion in CCLUB.
Finally, we currently model the land use history of cropland-pastureland as 50 years as cropland followed by 25 years of pasture and 25 years of cropland. Actual land use history may include more frequent changes between these two land uses. We may develop SOC emission factors for land transitions involving cropland-pastureland that reflect a more defined land use history. 
